The crystal structures of two adducts of 2-methoxycarbonylethyltin trichloride with hexamethylphosphoryltriamide (HMPA) and 1,10-phenanthroline (phen), CH 3 OCOCH 2 CH 2 SnCl 3 · L (L = HMPA, 1; L = phen, 2), have been determined. The tin atom in 1 is six-coordinated and adopts a distorted [CSnCl 3 O 2 ] octahedral geometry involving an oxygen atom of HMPA and an oxygen atom of intramolecularly coordinating carbonyl group (Sn-O 2.462(2) Å). The tin atom in 2 is also six-coordinated and possesses a distorted [CSnCl 3 N 2 ] octahedral geometry with two nitrogen atoms of a chelating phenanthrolin. The carbonyl oxygen atom does not coordinate to the tin center (Sn · · · O 4.985(2) Å).
Introduction
2-Alkoxycarbonylethyltin trichloride, ROCOCH 2 CH 2 SnCl 3 , a class of monoorganotin compounds containing a functional group, has received considerable attention owing to the variety of coordination geometries of the tin atom (Hutton et al., 1978; Harrison et al., 1979; Howie et al., 1986; Tian et al., 2005; de Lima et al., 2009; Liu et al., 2015) . In the solid state and solution, the ROCOCH 2 CH 2 unit is a C,Ochelating ligand by the intramolecular coordination of the carbonyl oxygen atom to the tin center. However, the coordination can be broken and replaced by other N and O donors such as dialkylsulfoxide, hexamethylphosphoryltriamide (HMPA), 2,2-bipyridine, 1,10-phenanthrolin (phen), etc. (Maughan et al., 1981; Fu et al., 1990; Tian et al., 1998 Tian et al., , 2016a . The crystal structures of the adducts of 2-alkoxycarbonylethyltin trichloride with monodentate Lewis base ligands, such as CH 2 = CHCH 2 OCOCH 2 CH 2 SnCl 3 · OPPh 3 (Gielen et al., 1993) , CH 3 CH 2 OCOCH 2 CH 2 SnCl 3 · OS(C 4 H 9 -n) 2 (Tian et al., 1998) , and CH 3 CH 2 CH 2 OCOCH 2 CH 2 SnCl 3 · OS(CH 2 Ph) 2 (Tian et al., 2001) , have been determined, but the adducts with bidentate Lewis base ligands have not been reported in the literature. In order to expand the structural chemistry of 2-alkoxycarbonylethyltin trichloride and compare the coordination strength of the chelating ligands ROCOCH 2 CH 2 and phen to the tin atom, we determined the crystal structures of 1:1 adducts of 2-methoxycarbonylethyltin trichloride with HMPA and phen, CH 3 OCOCH 2 CH 2 SnCl 3 · L (L = HMPA, 1; L = phen, 2).
Results and discussion
The molecular structures of adducts 1 and 2 are shown in Figures 1 and 2 , respectively, and selected bond lengths and angles are given in Table 1 . Adduct 1 crystallizes in the space group Pbcn. The Sn center is six-coordinated with coordinating atoms C(1), Cl(1), Cl(2), Cl(3), O(1), and O(2) and possesses a distorted octahedral geometry with one octahedral face defined by three chlorine atoms. The O(2)-Sn(1)-Cl(1), C(1)-Sn(1)-Cl(2), and O(1)-Sn(1)-Cl(3) bond angles are 174.70(7), 157.5(8), and 171.18(7)°, respectively. A five-membered chelate ring with a narrow bite angle C(1)-Sn(1)-O(2) (74.8(8)°) was formed by the intramolecular coordination of the carbonyl O(2) atom to the Sn(1) atom. The Sn(1)-O(2) separation of 2.462(2) Å is obviously longer than the 2.347(5) Å reported for CH 3 OCOCH 2 CH 2 SnCl 3 (Harrison et al., 1979; de Lima et al., 2009) and Sn(1)-O(1) (2.142(2) Å), which indicates that the additional intermolecular P = O→Sn coordination weakens the intramolecular C = O→Sn coordination and confirms the weak nature of the Sn(1)-O(2) interaction. Thus, when HMPA/CH 3 OC-OCH 2 CH 2 SnCl 3 is beyond a 1:1 molar ratio, the intramolecular coordination Sn(1)-O(2) is replaced by the oxygen atom of HMPA and the 1:2 addition complex is formed (Fu et al., 1990) . The three Sn-Cl distances are significantly different, ranging between 2.3422(11) (Sn(1)-Cl(2)) and 2.4529(14) Å (Sn(1)-Cl(3)). Adduct 1 exists as a discrete molecule, and there are only very weak intermolecular interactions
131.7(5)°). These structural features of 1 are similar to those reported for CH 2 = CHCH 2 OCOCH 2 CH 2 SnCl 3 · OPPh 3 (Gielen et al., 1993) and CH 3 CH 2 CH 2 OCOCH 2 CH 2 SnCl 3 · OS(CH 2 Ph) 2 (Tian et al., 2001 ). Adduct 2, as its benzene solvate 2 · 0.5C 6 H 6 , crystallizes in the monoclinic space group C2/c. The central Sn atom exists in a distorted octahedral geometry defined by a C atom of the methoxycarbonylethyl group, three Cl atoms, and the two N atoms from a chelating phen ligand with the C(13)-Sn(1)-N(2), N(1)-Sn(1)-Cl(1), and Cl(2)-Sn(1)-Cl(3) angles of 168.23(11), 161.87(6), and 167.69(4)°, respectively. The distortions from the ideal geometry may be rationalized by the restricted bite angle N(1)-Sn(1)-N(2) (72.76(9)°) of the chelate ligand (Tian et al., 2016b) . The five-membered chelate ring formed by the intramolecular C = O→Sn coordination in CH 3 OCOCH 2 CH 2 SnCl 3 (Harrison et al., 1979) has been broken, and the carbonyl oxygen atom does not coordinate to the tin center (Sn(1) · · · O(1) 4.985(2) Å). The new five-membered chelate ring consisting of N(1), Sn(1), N(2), C(5), and C(6) is essentially planar with a maximum deviation from the mean plane of 0.043(3) Å for the Sn(1) atom. The Sn(1)-N(1) distance (2.259(2) Å) involving the N(l) atom trans to the Cl(1) atom is slightly shorter than the Sn(1)-N(2) distance (2.270(2) Å) involving the N(2) atom trans to the methoxycarbonylethyl group. The dimensions of six bonds surrounding the Sn(1) atom are similar to those found in a closely related adduct, C 6 H 5 CH 2 SnCl 3 · phen (Hall and Tiekink, 1996) . However, an arrangement of the Cl 3 N 2 C donor atoms is not different, and in the structure of C 6 H 5 CH 2 SnCl 3 · phen, the tin-bound organic substituent is trans to a chlorine atom. In the lattice, there is a benzene solvent molecule of crystallization which does not interact significantly with the adduct molecule. In 2 · 0.5C 6 H 6 , there is no major intermolecular contacts and only two weak interactions, C(1)-H(1) · · · Cl(2) #1 (symmetry code #1: x, −y, 1/2 + z) (C(1) · · · Cl (2) #1 3.528(5) Å, C(1)-H(1) · · · Cl(2) #1 138.9(2)°) and C(2)-H(2) · · · O (1) #2 (symmetry code #2: −x, −y, 1 − z) (C(2) · · · O(1) #2 3.185(10) Å, C(2)-H(2) · · · O(1) #2 142.6(2)°). In summary, the tin centers in adducts 1 and 2 · 0.5C 6 H 6 both have distorted octahedral geometry. The intramolecular C = O→Sn coordination still exists in 1 (Sn-O 2.462(2) Å), but in 2 · 0.5C 6 H 6 it has been replaced by the chelating phenanthrolin ligand, resulting in an Sn · · · O distance of 4.985(2) Å.
Experimental section
2-Methoxycarbonylethyltin trichloride and its adducts with HMPA and phen were prepared according to the reported methods, respectively (Hutton et al., 1978; Maughan et al., 1981; Fu et al., 1990) . The colorless single crystals were obtained from benzene by slow evaporation at room temperature. The intensity data for crystals of the adducts were measured at 295(2) K on a Bruker Smart Apex area detector (Bruker AXS Inc., Madison, WI, USA) fitted with graphite monochromatized Mo-Kα radiation (0.71073 Å) using the ϕ and ω scan technique. Empirical corrections for absorption effects were made using the SADABS program (Sheldrick, 2002) . The structures were solved by the direct method and refined by a full-matrix least squares procedure based on F 2 using the SHELXL-97 (Sheldrick, 2008) . The non-hydrogen atoms were refined anisotropically, and hydrogen atoms were placed at calculated positions (C-H = 0.93 Å for aromatic H atoms, C-H = 0.96 Å for methyl H atoms, and C-H = 0.97 Å for methylene H atoms) and were included in the refinement in the riding model approximation. In 1, the C(1) and C(2) atoms were disordered over two conformations. The site occupancies were refined to 0.616(19):0.384(19). In 2 · 0.5C 6 H 6 , the occupancies of O(1) and O(1)′ were refined to 0.53(2):0.47(2). Six carbon atoms of the solvent benzene were restricted in the same plane, and the C-C bond and 1,3 distance were restricted to 1.39(1) and 2.40(2) Å, respectively. The crystallographic parameters and refinements are summarized in Table 2 . Crystallographic data have been deposited in the Cambridge Crystallographic Data Centre (supplementary publication numbers CCDC 1549827 and 1549828). 
